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Oral pristinamycin versus standard penicillin regimen to
treat erysipelas in adults: randomised, non-inferiority,
open trial
Philippe Bernard, Olivier Chosidow, Loïc Vaillant on behalf of the French Erysipelas Study Group

Abstract
Objective To assess the efficacy and safety of oral
pristinamycin versus intravenous then oral penicillin
to treat erysipelas in patients in hospital.
Design Multicentre, parallel group, open labelled,
randomised non-inferiority trial.
Setting 22 French hospitals.
Participants 289 adults admitted to hospital with
erysipelas.
Results At follow up (day 25-45) the cure rate
(primary efficacy end point) for the per protocol
populations was 81% (83/102) for pristinamycin and
67% (68/102) for penicillin. The planned interim
analysis (global one sided type I error 5%) showed
that the one sided 97.06% confidence interval of the
observed difference (pristinamycin − penicillin)
between cure rates (3.3% to ∞) exceeded the − 10%
non-inferiority threshold. For the intention to treat
populations the cure rate at follow up was 65%
(90/138) for pristinamycin and 53% (79/150) for
penicillin, with the one sided 97.06% confidence
interval of the observed difference between cure rates
(1.7% to ∞) exceeding the − 10% non-inferiority
threshold. That the lower limit of the confidence
interval exceeded the –10% threshold and was also
> 0 supports the hypothesis that pristinamycin is
significantly superior at the 5% level. More adverse
events related to treatment, as assessed by the
investigators, were reported in the pristinamycin
group than in the penicillin group. Most adverse
events involved the gastrointestinal tract (nausea,
vomiting, and diarrhoea) but were minor and usually
did not require discontinuation of treatment.
Conclusion Pristinamycin could be an alternative to
the standard intravenous then oral penicillin regimen
used to treat erysipelas in adults in hospital, with the
advantages of oral first line therapy.

Introduction
Erysipelas is an acute superficial dermal-hypodermal
infection (cellulitis) that usually affects the leg and is
commonly caused by streptococci.1–6 Our prospective
case-control study highlighted the major role of local
risk factors, principally lymphoedema and site of
entry.6 Erysipelas is severe but not usually life threaten-

ing. Although 10-20% of patients admitted to hospital
may develop early local complications (abscess, super-
ficial or deep gangrene), systemic complications,
including septicaemia, are rare.3 7–10 Erysipelas can also
be treated on an outpatient basis.11

Although regimens vary, the standard treatment is
intravenous penicillin G.3 5 7 8 10 12–14 Unfortunately,
intravenous treatment is painful and time consuming,
and side effects, including local complications, are not
uncommon.3 7 9 Furthermore, it requires admission to
hospital. To date, only a few studies have evaluated the
efficacy of oral penicillin12 or macrolides14 versus stand-
ard penicillin to treat erysipelas or acute cellulitis. Pris-
tinamycin, a natural streptogramin commonly used in
some European countries, particularly France, is espe-
cially active against Streptococcus pyogenes (minimum
inhibitory concentration <0.12 mg/l).15 In a prelimi-
nary open study, pristinamycin cured 86% of adult
patients admitted to hospital with erysipelas.16

We undertook a large scale investigation to
compare the efficacies of oral pristinamycin and intra-
venous then oral penicillin in treating hospital patients
with erysipelas.

Patients and methods
Study design
The study was a randomised open label, parallel group
clinical trial designed to assess the non-inferiority of
oral pristinamycin versus a standard intravenous then
oral penicillin regimen. It took place from August 1998
to November 2000 in 22 dermatology centres in
France. It was approved by an institutional ethics com-
mittee and performed in accordance with good clinical
practice guidelines.

We used a non-inferiority approach to investigate
whether pristinamycin is not less effective than the ref-
erence treatment. Therefore, the one sided confidence
interval of the difference in the cure rates between
pristinamycin and penicillin had to be entirely above
the prespecified non-inferiority threshold ( − 10%).17

Patients were randomly assigned to 14 days’
treatment with either oral pristinamycin (1 g three
times a day) or benzylpenicillin (18 MU/day in six
infusions) until their temperature was normal and then
oral phenoxymethylpenicillin (2 MU three times a
day). The randomisation was centralised and balanced
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by centre. The allocation sequence was generated with
a computer list of random set numbers, stratified by
centre and blocked. Containers numbered in increas-
ing values were used to implement the random alloca-
tion sequence. All study medications were supplied by
Laboratoire Aventis.

Patients
All adults with erysipelas who were admitted to hospi-
tal in each of the participating centre were eligible in
the study. Erysipelas was defined clinically as acute well
delineated dermal-hypodermal inflammation that had
lasted less than five days, was associated with fever
(>38.5°C) or chills,6 and corresponded to superficial
non-necrotising cellulitis as defined elsewhere.4–6 We
excluded patients in whom necrotising cellulitis or fas-
ciitis, or a subcutaneous abscess was suspected; a bite or
scratch had occurred during the preceding seven days;
or HIV infection was known. We also excluded any
patients who had previously received benzylpenicillin
or pristinamycin treatment for over 12 hours; had
known allergy to synergistins or â lactams; had renal or
hepatic insufficiency; or were taking steroids or immu-
nosuppressant drugs. The use of antipyretics > 500
mg/day or any other antibiotic was prohibited during
the study.

To assess the local severity of the infection we
calculated a clinical score describing the oedema,
erythema, and pain of cutaneous plaque using a three
point scale (0=absent, 1=moderate, 2=severe). To be
included, each patient had to have a total clinical score
>3 and to provide a written informed consent.

Baseline and follow up assessments
We carried out assessments at enrolment, 48-72 hours
after starting treatment, during treatment (days 4-10),
at the end of treatment (day 14-17), and at follow up
(day 25-45). At each visit participants underwent a
complete physical examination, and we calculated a
severity score. Patients whose local or general status
had deteriorated could be withdrawn from the trial and
the treatment was considered to have failed.

At enrolment we tested blood sample and swabs
from probable entry sites for aerobic and anaerobic
bacteria. Laboratory tests included complete blood
count, C reactive protein, and blood chemistries. We
used results of antistreptolysin O and antistreptodor-
nase tests as supportive data.

Primary and secondary end points
All randomised patients were included in the intention
to treat analysis and safety analysis populations.
Patients without any major protocol violation were
included in the per protocol population.

The primary end point was the clinical cure rate
determined at follow up for the per protocol
population. We defined clinical cure as body tempera-
ture < 37.5°C, complete regression of local or general
signs of severity, and disappearance of the cutaneous
plaque (final clinical score=0). We defined clinical
failure as the presence of at least one of the following:
body temperature > 37.9°C, persistent or recurrent
cutaneous plaque, local or general signs of severity
requiring new treatment, or intake of another systemic
antibiotic between end of treatment and follow up for
more than two calendar days. All other cases had to be

reviewed blindly by the scientific committee (PB, OC,
LV).

The secondary efficacy variables were the clinical
cure rate determined at follow up for the intention to
treat population and the clinical success rate deter-
mined at the end of treatment for the intention to treat
and per protocol populations.

Statistical analyses
Our main objective was to assess the non-inferiority of
pristinamycin versus penicillin, and we based our
calculation of sample size on the primary end point.
We assumed an 85% cure rate at follow up for both
groups and a non-inferiority margin of 10%.

To maintain a global one sided á of 5% we set the
error risk at á1=2.94% for the interim analysis and
á2=2.94% for the final analysis, according to Pocock’s
adjustment.18 On the basis of these hypotheses and a
conservative calculation based solely on the final
analysis (taking into account a nominal type I error of
2.94%) we considered that 2×190 assessable patients
would suffice to confirm the non-inferiority of
pristinamycin with a power of 80%. We assumed an
estimated ratio of 10% non-assessable patients and
therefore defined the sample size as 420 patients. We
planned to carry out an interim analysis once we had
enroled about 2×95 assessable patients.

We compared primary and secondary efficacy vari-
ables between the two treatment groups using a one
sided non-inferiority test: the lower limit of the
confidence interval of the difference in cure rates
between pristinamycin and penicillin had to exceed the
predefined threshold of − 10%.17 The non-inferiority
margin for all criteria was set at 10%. We calculated
estimates and standard errors of the effects of

Patients included (n=289)

Randomised (n=289)

Pristinamycin (n=139) Penicillin (n=150)

Intention to treat
population (n=138)

Intention to treat
population (n=150)

Per protocol
population at end of
treatment (n=108)

Per protocol
population at end of
treatment (n=109)

Per protocol exclusions
at end of treatment (n=41)
(including 2 lost to follow up)

Per protocol exclusions
at end of treatment (n=30)
(including 1 lost to follow up)

Per protocol exclusions
at follow up (n=7)
(including 1 lost to follow up)

Per protocol exclusions
at follow up (n=6)
(including 1 lost to follow up)

Per protocol
population at

follow up (n=102)

Per protocol
population at

follow up (n=102)

Trial regimen (*one patient randomised twice in error but was
included only once in efficacy analysis). Exclusions from per protocol
at end of treatment were because of non-compliance with treatment,
prohibited treatment used during study, discontinuation of treatment
due to adverse event, or missing data (patient may have had one or
more major protocol violation). Exclusions at follow up were because
of missing data or prohibited treatment used during study (patient
may have had one or more major protocol violation)
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pristinamycin versus penicillin. For safety tests we used
Fisher’s exact tests, and we considered two sided P
values < 5% as significant.

Results
Patients
We performed the interim analysis when we had
included 289 patients. At follow up we were able to
evaluate 204 patients (102 in each arm); randomisation
had assigned 139 patients to receive pristinamycin and
150 to receive penicillin (figure). With the exception of
one patient wrongly included twice, all randomised
patients were included in the intention to treat popula-
tion and received at least one dose of the study
medication.

For the 288 patients comprising the intention to
treat population (mean age 59 (SD 18) years; range
18-96 years) the baseline characteristics studied were
similar according to the assigned antibiotic (table 1).
Microbiological data were available for 257/288 (89%)
patients. Streptococcus species were isolated from
probable entry sites for 64/257 (25%) patients and
from blood cultures for 5/257 (2%).

Efficacy

Treatment
The per protocol populations at follow up (figure)
included 102/138 (74%) patients in the pristinamycin
group and 102/150 (68%) in the penicillin group, with,
respectively, 108/138 (78%) and 109/150 (73%)
retained in the end of treatment per protocol popula-
tions.

For the pristinamycin and penicillin groups,
respectively, the mean (SD) duration of treatment was
15.0 (SD 1.0) and 14.8 (SD 1.4) days (intention to treat
populations) and the mean duration of hospital stay
was 11.0 (SD 8.2) and 11.4 (SD 8.1) days. Mean clinical

severity scores evolved similarly for both groups (table
2). Clinical signs suggestive of necrotising cellulitis
occurred in 9/138 (7%) patients in the pristinamycin
group and 14/150 (9%) in the penicillin group
(P=0.38).

Primary efficacy variable
At follow up the respective cure rates for the
pristinamycin and penicillin per protocol populations
were 81% (83/102) and 67% (68/102) (table 3), with
the lower limit of the one sided 97.06% confidence
interval for the observed difference between them
(3.3% to ∞) exceeding the − 10% non-inferiority
threshold.

For the per protocol population, the pristinamycin
effect was estimated to be +14.7 (SE 6.1%) (estimation
of the difference).

Secondary efficacy variables
For the pristinamycin and penicillin intention to treat
populations, the respective cure rate at follow up was
65% (90/138) and 53% (79/150), with the lower limit
of the one sided 97.06% confidence interval for the
observed difference between them (1.7% to ∞) exceed-
ing the − 10% non-inferiority threshold (table 3).

For the intention to treat population, the pristi-
namycin effect was estimated (as above) to be +12.6 (SE
5.9%).

Because this interim analysis established the
non-inferiority of pristinamycin compared with peni-
cillin, it became the final one. Moreover, the 14.7% dif-
ference in favour of pristinamycin over penicillin on
the principal assessment criterion and the confidence
interval support the hypothesis of a superiority of pris-
tinamycin.

The clinical success rates at the end of treatment for
per protocol and intention to treat populations also
showed the non-inferiority of pristinamycin because
the lower limit of the one sided 97.06% confidence
interval of the observed difference between them
exceeded the predefined non-inferiority threshold of
− 10% (table 3).

Safety
Table 4 summarises any adverse events reported by
investigators. Adverse events related to treatment were
more common in the pristinamycin group (P=0.034).
They were mostly mild or moderate and mainly
involved the gastrointestinal tract (table 4). The
proportions of adverse events necessitating discontinu-
ation of the study medication were similar for the two
groups (P=0.174).

Two patients in the penicillin group experienced a
severe adverse event—that is, leucopenia or erythema
multiforme—that were considered possibly related to
the study medication.

Table 1 Baseline characteristics of patients (intention to treat
populations). Figures are numbers (percentage) of patients
unless stated otherwise

Characteristic
Pristinamycin

(n=138) Penicillin (n=150)

No of men 78 74

Mean (SD) age (years) 57 (18) 60 (18)

Mean (SD) weight (kg) 81 (20) 80 (20)

Associated disease:

At least one concurrent disease 83 (60) 88 (59)

Venous insufficiency 59 (43) 69 (46)

Cardiac failure 18 (13) 9 (6)

Type 1 diabetes 2 (1) 2 (1)

Type 2 diabetes 19 (14) 23 (15)

Alcoholism 17 (12) 8 (5)

Location of erysipelas:

Lower limb 126 (91) 145 (97)

Other location 12 (9) 5 (3)

Probable portal of entry: 131 (95) 141 (94)

Toe web intertrigo 78 (60) 94 (67)

Wound 41 (31) 36 (26)

Leg ulcer 16 (12) 26 (18)

Other lesion 44 (33) 53 (37)

Severity of erysipelas:

Severe erythema 81 (59) 102 (68)

Severe pain 54 (39) 60 (40)

Severe oedema 51 (37) 65 (43)

Mean (SD) total clinical score 4.3 (1.1) 4.5 (1.0)

Table 2 Evolution of mean total clinical score at five visits (intention to treat
populations)

Antibiotic Enrolment 48-72 hours 4-10 days End of treatment Follow up

Pristinamycin

No of patients 138 131 126 120 122

Mean (SD) score 4.3 (1.1) 2.4 (1.3) 1.3 (1.1) 0.9 (1.1) 0.4 (0.9)

Penicillin

No of patients 150 144 123 115 120

Mean (SD) score 4.5 (1.0) 2.8 (1.4) 1.6 (1.4) 0.9 (1.2) 0.5 (1.0)
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Discussion
Previous studies of efficacy
This study is the first large scale trial to show clearly
that oral treatment can replace intravenous then oral
penicillin to treat erysipelas in patients in hospital. The
per protocol populations achieved cure rates at follow
up of 81% with pristinamycin and 67% with penicillin.
At present, the reference treatment for erysipelas is
penicillin, usually administered intravenously for at
least 10 days.3 5 7 8 10 12 14 19 Surprisingly, randomised
prospective trials to assess the efficacy of intravenous
penicillin against erysipelas are rare in the litera-
ture.12 14 19 Other than those trials, penicillin regimens
for erysipelas have been derived from retrospective
studies.3 7 8 10 The French consensus conference rec-
ommendation to prescribe oral amoxicillin for erysip-
elas was based on clinical practice but not supported by
adequate clinical trials.20 The first comparative study
assessing the efficacy of oral antibiotics (phenoxymeth-
ylpenicillin, alone or combined with flucloxacillin)
against erysipelas included 73 patients.12 However, in
that study overall efficacy rates were not specified and
10 patients given clindamycin were not excluded from
the analysis. A multicentre open label randomised
study that compared oral roxithromycin with penicillin
obtained overall efficacy rates of 84% and 76%, respec-
tively, but too few patients had been included (n=69) to
assess their relative efficacies.14

Design and results of present trial
Although we would have preferred to use a double
blind, double placebo design, this study is the first in
erysipelas or cellulitis in which the design corresponds

to that of a non-inferiority trial, simultaneously
evaluating a large number of patients and using strict
inclusion criteria and statistical analysis based on the
confidence interval. As recommended for non-
inferiority trials, the analysis was conducted on both
per protocol and intention to treat populations.17 21 As
the study design was more explanatory than pragmatic
and our main aim was to assess the non-inferiority of
pristinamycin versus penicillin, the primary end point
relies on the per protocol analysis.17 In addition, full
application of the intention to treat analysis will be
possible only once complete outcome data become
available for all randomised patients.22

Most of our non-assessable patients were excluded
from the per protocol analysis because of adverse
events leading to premature withdrawal (see below),
missing data, or use of prohibited treatment. Indeed,
our intention to treat analysis also confirmed the non-
inferiority of pristinamycin as inclusion of non-
compliers decreased the cure rates to similar extents in
both groups. Moreover, the 14.7% difference in favour
of pristinamycin over penicillin for the principal
assessment criterion and the related two sided 97.06%
confidence interval (intention to treat: 0.03% to 25.1%;
per protocol: 1.5% to 27.9%) support the hypothesis of
a significant difference in favour of pristinamycin. It is
therefore possible to confirm a significant difference at
the 5% level in accordance with the guidelines of the
Committee for Proprietary Medicinal Products.17

Future directions of treatment
The numbers of withdrawals due to adverse events
were similar for both regimens. As expected, more
minor gastrointestinal symptoms without clinical con-
sequence occurred in the pristinamycin group.
Because our data show that treatment of erysipelas
with oral pristinamycin is not clinically inferior to
intravenous then oral penicillin some practical and
economic points merit consideration. Currently, pristi-
namycin is marketed only in some European countries.
It is commonly used in France to treat erysipelas11 and
superficial pyodermas23 in outpatients. In addition,
because our strict inclusion criteria excluded patients
with minor or severe erysipelas (that is, with systemic or
local signs of severity) the patients enrolled represent
only a subclass of those admitted to hospital. These
results indicate that patients with uncomplicated
erysipelas can be directly treated orally as outpatients,
thereby preventing nosocomial complications.24 Our
results show that pristinamycin could be an alternative
to intravenous then oral penicillin to treat erysipelas in
adult inpatients, with the advantage of oral first line
treatment. Whether this therapeutic strategy is valid for
outpatients, both from clinical and pharmacoeco-
nomic points of view, needs to be investigated.

Table 3 Clinical responses at follow up (day 25-45) and at end of treatment (day 14-17)

Response Pristinamycin Penicillin 97.06% CI (one sided) 94.12% CI (two sided)

Cure rate at follow up*:

Per protocol population 81% (83/102) 67% (68/102) (3.3% to ∞) (3.3% to 26.1%)

Intention to treat population 65% (90/138) 53% (79/150) (1.7% to ∞) (1.7% to 23.4%)

Clinical success rate at end of treatment†:

Per protocol population 89% (96/108) 74% (81/109) (4.8% to ∞) (4.8% to 24.3%)

Intention to treat population 74% (102/138) 63% (95/150) (0.3% to ∞) (0.3% to 20.8%)

*Primary end point.
†Cure and lesion regression.

Table 4 Adverse events observed according to assigned antibiotic (intention to treat
populations). Figures are numbers (percentage) of patients

Pristinamycin
(n=139)

Penicillin
(n=150)

Patients with >1 event 75 (54) 83 (55)

Patients with at least one possible event related to drug* 39 (28) 26 (17)

Patients withdrawn prematurely 15 (11) 25 (17)

Event related to drug related in >2 patients:

Abdominal pain 2 2

Gastrointestinal disorder 2 0

Dyspepsia 3 0

Nausea 4 0

Vomiting 7 0

Diarrhoea 14 4

Liver function test abnormality 4 6

Allergic reaction 0 2

Rash 4 4

Sweats 2 0

Moniliasis 1 1

Urticaria 1 1

*As stated by investigator.
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What is already known on this topic

The reference treatment for erysipelas is
intravenous penicillin, which requires admission to
hospital

Few studies have evaluated the efficacy of oral
treatment for erysipelas

What this study adds

Oral pristinamycin is at least as effective as
intravenous then oral penicillin to treat erysipelas
in adult inpatients, with the advantage of oral first
line treatment
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